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ABSTRACT 



The invention provides a method and a set-up for pro- 
duction of castings containing cast-in steel tubes, prefer- 
ably to provide cooling elements for metallurgical fur- 
naces. The castings are from cast steel and the steel 
tubes are cast-in with a superheated cast steel melt. 
Before the casting the tubes are filled with a granular, 
highly thermal conductive, refractory material. In 
order to assure that the cast-in steel or respectively 
cooling tubes remain free from leaks, the invention 
provides to employ as a filling material one or more of 
the materials: burned magnesite (sintered magnesite), 
corundum, sintered aluminum oxide, chromite, silicon 
carbide, silicon nitride. 

10 Claims, 1 Drawing Sheet 
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PRODUCTION OF CASTINGS CONTAINING 
STEEL TUBES 

DESCRIPTION 

This application is a continuation-in-part of Ser. No. 
401,38 1, filed July 23, 1982, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for produc- 
tion of castings containing cast-in tubes from steel, 
where the castings comprise cast steel and where the 
steel tubes are cast-in with a superheated melt of cast 15 
steel and where the steel tubes are filled with a granular, 
highly thermal conductive, refractory material before 
the casting step. 

2. Brief Description of the Background of the Inven- 
tion Including Prior Art 20 

Methods for production of castings containing cast-in 
tubes from steel are known for example used as cooling 
elements for the walls of metallurgical furnaces such as 
blast furnaces. Usually grey cast iron with varying 
graphite formation is used as a casting material for the 25 
cooling elements. The material for production of the 
cooling tubes has a defined steel composition depending 
on the function (compare German Patent Laid-open 
DES-AS No. 27 19 165, DE-No. 30 13 560, A 1). Based 
on the various liquidus temperatures of grey cast iron 30 
and of steel tube material no substantial problems of 
casting technique are encountered when casting around 
such steel tubes with grey cast iron. The steel tubes to 
be surrounded by cast material usually do not need a 
material to fill the tubes during casting, however, at any 35 
rate they are to be protected against carburization on 
the outside by a suitable covering. 

However, if, instead of grey cast iron, cast steel is 
employed as the casting material to surround the steel 
tubes as described in German Laid-open Document 
DE-OS No. 2903104 for a cooling element for a metal- 
lurgical furnace, then there result substantial problems 
of casting technique and metallurgical problems for the 
casting around of tubes of steel. For elimination of these 45 
problems it is proposed in the above document DE-OS 
No. 2903104 to dispose bodies from steel or cast steel 
between the cooling tubes, which are to accept the 
super-heating heat of the liquid cast steel. In addition, 
the cooling tubes according to the state of the art are to 50 
be filled with a high melting, highly thermal conductive 
and granular material before casting around with cast 
steel. Zirconia and chromium oxide or a mixture of 
these materials are recited as materials suitable for this 
purpose. However, if cooling elements are produced 55 
according to this known method, then part of the cast-in 
tubes for guiding cooling liquid have leaks. In addition, 
the recited materials for filling the tubes are relatively 
expensive. 

SUMMARY OF THE INVENTION 60 
1. Purposes of the Invention 

It is an object of the present invention to provide a 
method for casting steel around steel tubes which 
avoids the disadvantages of the known method. 65 

It is another object of the present invention to pro- 
vide a method for casting steel around steel tubes result- 
ing in steel tubes which are leak tight. 
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It is a further object of the invention to provide a 
method for producing cooling elements from steel for 
metallurgical furnaces such as blast furnaces. 

These and other objects and advantages of the pres- 
ent invention will become evident from the description 
which follows. 

2. Brief Description of the Invention 

The present invention provides according to one 
aspect a method for the production of steel castings 
incorporating steel tubes, which comprises disposing 
the steel tubes filled with a member of the group con- 
sisting of magnesium oxide, aluminum oxide, corundum, 
sintered aluminum oxide, chromite, silicon carbide, 
silicon nitride, and mixtures thereof in a mold and cast- 
ing superheated steel melt into the mold around the 
steel tubes. 

The material in the steel tubes can be a granular, 
highly thermal conductive and refractory material. The 
steel tubes are preferably filled with a mixture of granu- 
lar burned magnesite with up to 30 weight percent of at 
least one additional material or with a mixture of techni- 
cally pure silicon carbide SiC and silicon nitride S13N4 
in a desired mixing ratio. The magnesium oxide can be 
burned magnesite with at least about 75 weight percent 
magnesium oxide and preferably at least 90 weight per- 
cent magnesium oxide, the chromite can contain at least 
about 30 weight percent chromium sesquioxide and 
preferably at least about 40 weight percent of chromium 
sesquioxide, and the corundum and the sintered alumi- 
num oxide can contain at least about 90 weight percent 
of aluminum oxide and preferably at least about 95 
weight percent of aluminum oxide. The corresponding 
typical impurities of the natural or synthetic materials 
should be low for example for S1O2, AI2O3, CaO, MgO, 
Fe203, FeO. 

All percentages set forth in the present application as 
to material composition are by weight unless otherwise 
specified. 

The grain size of the material filled into the steel tubes 
can be from about 0 to 3 millimeter and is preferably 
from about 0 to 1 millimeter. The steel tube filling can 
comprise additional materials including organic and/or 
inorganic disperging, liquefying, piasticizing means and 
binders as well as other chemical means with similar 
effects. Steel tubing pieces can be disposed on the steel 
tubes closely spaced before the casting such that only a 
small airgap remains between the steel tube surface and 
the steel tubing pieces. 

There is further provided in one aspect of the inven- 
tion a method for production of steel castings incorpo- 
rating steel tubes, where the steel tubes are disposed in 
a mold, tubing pieces are matched closely to the surface 
of the steel tubes resulting in a niinirnal air gap between 
the steel tube surface and the tubing pieces, and a super- 
heated steel melt is cast around the steel tubes and the 
steel tubing pieces. The steel tubing pieces can be tubing 
segments or tubing shells. Preferably from about one 
third to one half of the steel tube surface is covered by 
the steel tubing pieces before casting and the steel tub- 
ing pieces are positioned on the upper side of the cast in 
steel tubes only in direction toward the riser (feeder 
head). The wall thickness of the steel tubing pieces to be 
positioned on the steel tubes can be from about one half 
to three times the wall thickness of the steel tubes. The 
steel tubing pieces can be provided with bore holes 
and/or inclined bevels. Preferably, the steel tube is 
filled with a granular, highly thermal conductive, re- 
fractory material. 
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Advantageously, the granular material for filling the The granular material can comprise burned magne- 
steel tubes is provided with an as dense as possible pack- site with up to about 30 weight percent of an addition of 
ing of spheres, that is a minimal part of hollow space is one or more granular materials. A desired ratio of mix- 
present, based on its grain size distribution, since other- ing of technically pure silicon carbide and silicon nitride 
wise the high degree of thermal conductivity of the 5 can be employed for filling the steel tubes. The burned 
materials employed according to the invention would magnesite can preferably contain at least 75 weight 
be noticeably reduced. For this purpose the grain size of percent MgO, preferably at least 90 weight percent 
the material can be 0 to 3 millimeter and preferably 0 to MgO, the chromite can comprise at least 30 weight 
1 millimeter, percent Cr203, and preferably at least 40 weight per- 

In order to achieve a good density of the filling mate- 10 cen t Cn03, and the corundum and sintered alumina can 

rial for the steel tubes in a dry or moist to liquid state comprise more than 90 weight percent, 

there is desirable besides the grain size distribution AI2O3, and preferably more than 95 weight percent 

means the addition of means positively influencing the AI2O3. The natural or synthetic materials can comprise 

capability of flowing such as they are also employed in a res idue of typical impurities in as small an amount as 

the heavy clay industry and in fine ceramics. Therefor, 15 poss ible t for example silicon dioxide, aluminum oxide, 

the filling material for the tubes can include dispersing ca lcium oxide, magnesium oxide, ferrous/ferric oxide, 

agents, liquefying agents, plasticizers, binders and other Furthermore, there is provided a method for produc- 

chemical additives showing similar effects. tion of castings with tubes from steel , pre ferably 

The invention method provides in particular the ad- M coolin elemen ts for a metallurgical furnace, where 

vantages that now cx)ntmuously non-leakmg coo m^ 20 ±Q ^ comprise ^ sted and where the steel 

tubes are retained I since the tube filling material filled mbes ^ ^ m a super heated melt of cast steel, where 

into the tubes hardly shrinks or sinters at the prevailing ±e ^ tubes tQ be cast4n m ided with tubfi 

casting temperature for unalloyed to highly aUoyedcast ments Qr mbe shfills di d ^ d tQ ^ mbe 

steel, which temperature is usually 20 to 100 degrees surface such ^ Qmy ft mmimal ^ remains ^ 

centigrade above the hquidus temperature. Further- 25 tween ^ tufee ^ ^ 

more the gram properties aUow a good dedication Qr Advantageously holes m prov £ ed f n 

and do not or only , * su *^ the tubing segments or shells as well as bevelled edges 

zation or carbunzation of the material of the steel tubes. r ■ j • 1 ir^ j*if 

In particular, the filling material for the tubes should fo 5 mducm * « r f emoval of castm * f» *** 

not or only to such nlinor degree be susceptible to 30 * e [ orma ^? n of * narrow air gap between the 

chemical reduction or carburization at the high temper- tube t0 * and the steel tubmg segments or 

atures in the environment of the steel tubes as to avoid ^ superposed. The material quality of the steel tub- 

the loss of carbon or respectively cause oxidation and- m S segments or steel tubing shells is relatively unimpor- 

/or decomposition at the steel tube. Thus the present tan V . . 

invention provides for reliably casting steel around steel 35 , ^ composition of the steel melts for casting em- 
tubes and without the danger of leaks resulting. ployed in the method of the present invention can vary 
The novel features which are considered as charac- depending on the purpose of application within the 
teristic for the invention are set forth in particular in the limits & yen ^low, since m add-on to unalloyed also 
appended claims. The invention itself, however, both as Uglily ^yed cast steel can be employed, for example 
to its construction and its method of operation, together 40 for thermally stable and/or non-scaling cast parts. The 
with additional objects and advantages thereof, will be composition ranges preferred are: 
best understood from the following description of spe- 0.10-0.50% C 
cific embodiments when read in connection with the 0.30-2.00% Si 
accompanying drawing. 0.60-2.00% Mn 

45 0-12.00% Ni 

BRIEF DESCRIPTION OF THE DRAWING 0-12.00% Cr 

In the accompanying drawing in which is shown one 0-1.50% Mo 

of the various possible embodiments of the present in- 0-0.70% V 

vention: 0-1.00% Al 

FIG. 1 is a sectional elevation view of a steel tube 50 0.03% S 

disposed in a steel casting; and 0.03% P 

FIG. 2 is a cross-sectional view of the steel tube to- The remainder comprises iron and unavoidable impuri- 

gether with a steel tubing piece along section line II — II ties. 

of FIG. 1 at an enlarged scale. The steel tubes preferably can have a composition 

55 with less than about 0.17 weight percent carbon, less 

DESCRIPTION OF INVENTION AND thm about a35 weight percent silicon> less ^ about 

PREFERRED EMBODIMENTS 0 04 we ight percent sulfur, less than about 0.04 weight 

In accordance with the present invention there is percent phosphorus and between 0.40-0.80 weight per- 

provided a method for the production of castings with cent manganese. Preferably, the tubes are free from 

incorporated tubes from steel, preferably of cooling 60 surface defects, blow holes and cracks, 

elements for a metallurgical furnace, where the castings Referring now to FIG. 1 there is shown a casting 1 

are from cast steel and where the steel tubes are cast-in into which a steel tube 2 is embedded, which had been 

with a superheated steel melt and where the tubes are coated with a thin surface layer 3 (FIG. 2) such as from 

filled with a granular, highly thermal conductive, re- for example alumina. The steel tube is densely filled 

fractory material, where the granular material em- 65 with a sintered magnesite 4 of a grain size from 0 to 0.5 

ployed comprises one or more of the following: burned millimeter diameter. The following table shows the 

magnesite (sintered magnesite), corundum, sintered chemical composition and the grains size distribution of 

alumina, chromite, SiC, SisN^ the sintered magnesite. 
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Chemical Composition 

S1O2: 0.8%; AI2O3: 0.3% 
Fe20 3 : 0.2%; CaO: 2.3% 

MgO: 96% 5 

Grain Size Distribution 

0.5-0.25 millimeter 23% 
0.25-0.12 millimeter 27% 

0.12-0 millimeter 50% 10 

The casting 1 surrounding the steel tube 2 has the 
following chemical composition: 



c 


Si 


Mn 


P 


S 


Al 


Balance 


0.25 


0.45 


0.85 


0.020 


0.020 


0.030 


Fe 
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The casting temperature is from about 1520 to 1550 
degrees centigrade. The steel tubes corresponds to the 
material specified as St 35.8/H according to German 20 
Industrial Standard DIN 17175. The steel tube corre- 
spondingly comprises up to about 0.17 weight percent 
carbon, up to about 0.35 weight percent silicon, up to 
about 0.04 weight percent phosphorus, up to about 0.04 
weight percent sulfur, and at least about 0.40 and 0.80 25 
weight percent manganese. 

FIG. 2 shows in detail the steel tube 2 to be cast-in 
with its about 50 to 200 micrometer thick coating 3 of a 
refractory material such as aluminum oxide, the tube 
filling material 4 and a positioned steel tubing shell 5, 30 
which is provided with the bore holes 6 and bevels at 
the edges 7. The steel tubing shell 5 covers about one 
third of the circumference of the steel tube 2 and is 
disposed on the with "a" designated side which is the 
riser side of the casting as is shown in FIG. 1. The 35 
thickness of the wall of the steel tubing shell 5 accord- 
ing to the preferred embodiment corresponds approxi- 
mately to the thickness of the wall of the steel tube to be 
cast-in. 

It will be understood that each of the elements de- 40 
scribed above, or two or more together, may also find a 
useful application in other types of casting configura- 
tions and metallurgical procedures differing from the 
types described above. 

While the invention has been illustrated and de- 45 
scribed in the context of a method and a provision for 
production of steel castings incorporating steel tubes, it 
is not intended to be limited to the details shown, since 
various modifications and structural changes may be 
made without departing in any way from the spirit of 50 
the present invention. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can, 
by applying current knowledge, readily adapt it for 
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various applications without omitting features that, 
from the standpoint of prior art, fairly constitute essen- 
tial characteristics of the generic or specific aspects of 
this invention. 

What is claimed as new and desired to be protected 
by Letters Patent is set forth in the appended claims. 

1. The method for production of steel castings incor- 
porating steel tubes comprising disposing the steel tubes 
filled with a composition including magnesium oxide in 
a mold; placing on the surface of the steel tubes tubing 
pieces of steel such that only a minimal air gap remains 
between the steel tube surface and the steel tubing 
pieces; and casting superheated steel melt into the mold 
around the steel tubes. 

2. A method for production of steel castings incorpo- 
rating steel tubes comprising disposing steel tubes in a 
mold; placing closely surface matched tubing pieces 
onto the steel tubes resulting in a minimal air gap be- 
tween the steel tubes surface and the tubing pieces; and 
casting a superheated steel melt around the steel tubes 
and steel tubing pieces. 

3. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubing pieces are 
tube segments. 

4. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubing pieces are 
tube shells. 

5. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubing pieces cover 
only from about one third to one half of the steel tube 
surface. 

6. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubing pieces are 
positioned only on the upper surface of the cast in steel 
tube and only in direction toward the riser (feeder 
head). 

7. The method for production of steel castings ac- 
cording to claim 2 wherein the wall thickness of the 
steel tubing pieces to be positioned on the steel tubes is 
from about one half to three times the wall thickness of 
the steel tubes. 

8. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubing pieces are 
provided with bore holes and inclined bevels. 

9. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tube are filled with 
a granular, highly thermal conductive, refractory mate- 
rial. 

10. The method for production of steel castings ac- 
cording to claim 2 wherein the steel tubes are filled with 
a composition containing substantial amounts of magne- 
sium oxide. 
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